Objective: To identify risk factors for incident sexually transmitted infections (STI) in a remote Aboriginal community in Australia. Design: A population based cohort study. Setting: An Aboriginal community in central Australia. Participants: 1034 Aboriginal people aged 12-40 years, resident in the study region, seen during the period 1 January 1996 to 30 June 1998 for STI diagnosis. Main outcome measures: Incident rate of gonorrhoea, chlamydia, and syphilis per 100 person years. Results: There were 313 episodes of incident gonorrhoea, 240 of incident chlamydial infection, and 17 of incident syphilis. For gonorrhoea, risk factors were age, substance abuse, and previous prevalent chlamydial infection with a rate ratio (RR) of 3.2 in people aged 15-19 years, 1.6 in people who abused alcohol, and 3.2 in women who had sniVed petrol on a regular basis. For chlamydia, risk factors were sex, age, and a previous history of STI with a RR of 2.7 in people aged 15-19 years. Similar factors were associated with an increased risk of syphilis but the associations were not statistically significant.
Introduction
Remote Aboriginal communities in northern and central Australia, like indigenous groups in some other developed countries, experience high rates of unemployment, 1 2 poverty, 3 poor housing, 4 poor health status, 5 high rates of substance abuse, [6] [7] [8] and sexually transmitted infection (STI). 3 9-11 Gonorrhoea, chlamydial infection, and syphilis have been shown to be hyperendemic in central Australian indigenous communities. 12 13 While there have been significant gains in STI control following improved access to diagnosis, and treatment 14 a better knowledge of the factors that predict STI occurrence could be used to maximise the eVectiveness of the limited resources that are available for prevention, diagnosis and treatment.
There have been few population based studies of incident STI in the world and none in indigenous Australians. To identify factors associated with STI acquisition we carried out a population based cohort study of incident gonorrhoea, chlamydia, and syphilis in a remote Aboriginal community.
Methods

SETTING
This study was conducted by Nganampa Health Council (NHC), an Aboriginal controlled health service responsible for all healthcare delivery on the Anangu Pitjantjatjara (AP) Lands in central Australia. This region covers 103 000 square kilometres with a population of approximately 2600 Aboriginal people living in six population centres and 30 smaller family groupings. This geographical area is defined by land rights legislation, has well defined boundaries, and is held by the traditional owners under freehold title. The population is almost exclusively Aboriginal. The number of nonAboriginal people living in the area is small; the majority are employed by the community and they do not have resident status.
STUDY DESIGN
The study used a cohort design. The cohort was defined to include people born in the period 1 January 1956 and 31 December 1983 who were resident on the AP Lands, as documented in the NHC population register 14 (n=1374). Residents were classified as permanent residents or regular visitors (who are resident for part of each year). The cohort was followed prospectively through the study period. Members of the cohort who were seen during the period 1 January 1996 to 30 June 1998 for STI diagnosis at one of the nine clinics operated by NHC were included in the study (n=1034). Testing activity resulted from self referral, opportunistic screening, and the annual community-wide screening programme. Audiocassettes in Pitjantjatjara (the indigenous language) and English, one for men another for women, were used to ensure first person informed consent for tests. [15] [16] [17] [21] [22] [23] [24] [25] treatment details were missing. Ownership of the data and right of publication remained with the health service.
The NHC clinics provided polymerase chain reaction (PCR) tests, based on urine specimens, 14 for gonorrhoea and chlamydia and standard syphilis serology in several ways. Tests were routinely provided to people who presented with symptoms, antenatal women, in conjunction with cervical cytology screens, and to named sexual contacts. In addition NHC conducted an annual age based screening programme. All people aged 12-40 years were annually oVered urine PCR screening for gonorrhoea and chlamydia during a 6 week period in April-May of each year. Treatment and follow up were according to international protocols, 18 19 with regional modification. 14 
SPECIMEN PROCESSING
Urine specimens were refrigerated and transported to the regional centre for assay for Neisseria gonorrhoeae and Chlamydia trachomatis by PCR (Amplicor PCR, Roche, Branchberg, NJ, USA).
14 Serum samples were tested using a combination of treponemal and non-treponemal tests. In 1998 the screening test treponemal ELISA (Captia Syphilis-G, Centocor, Malvern, PA, USA: Enygnost syphilis, Behring, Merburg, Germany) was restricted to individuals who had no record of a positive treponemal test. Confirmatory fluorescent treponemal absorbed antibody tests (FTA-Abs, Zeus Scientific Inc, Raritan, NJ, USA) were performed on sera giving a positive or equivocal ELISA, except when the laboratory syphilis register documented a previously reactive FTA-Abs. If there was a discrepancy between the ELISA and the FTA-Abs an agglutination assay was performed (Treponema pallidum haemagglutination assay, Fujirebio, Tokyo, Japan; Treponema pallidum particle agglutination assay, Seroidia-TPPA, Fujirebio, Tokyo, Japan). Rapid plasma reagin (RPR) tests (RPR Carbon Antigen, CSL Biosciences, Porterville, Vic, Australia; Micro-vue RPR card test, Becton Dickinson, Maryland, USA) were performed on all treponemal positive sera.
SOCIODEMOGRAPHIC VARIABLES
Age, sex, and residence were obtained from the NHC population register and data on petrol sniYng from the NHC petrol sniYng register, both of which are updated annually. (The deliberate inhalation of petrol (petrol sniYng) is an endemic form of substance abuse in a number of central Australian indigenous communities.) The petrol sniYng register has a high degree of completeness. In this population, petrol sniYng is often a public activity and regular sniVers are easily identified by community members. Occasional use was verified from several sources before inclusion in the register. In small remote indigenous communities, Aboriginal health workers have an intimate knowledge of marital status and substance abuse within the community, and were considered the most accurate source of coding on these variables. Alcohol abuse was defined as binge drinking or regular heavy use. INCIDENT 
CASES
An incident case of gonorrhoea or chlamydia was defined as a positive result on PCR (first void urine or swab) or culture in a person who had a previous negative result, or positive result with appropriate treatment recorded, within the study period. The date of incidence for gonorrhoea and chlamydia was taken as halfway between the date of the previous negative test or the date of treatment of the previous positive test and the positive test. Equivocal and discrepant PCR results were entered as positives. Within the individual, recurrent infection (for gonorrhoea and chlamydia) was defined as reinfection with an STI occurring more than 4 weeks after adequate treatment was documented.
An incident case of syphilis was defined as documented treponemal seroconversion (FTA-Abs) in a person who had a previous negative treponemal result within the study period, or reactive treponemal serology with a rise in the RPR titre of two or more titres in a person who had a previous RPR within the study period. Data on previous prevalent or incident syphilis in the period 1991-5 were collected from the NHC syphilis register which records serial titres dating from the mid-1970s onwards, details of treatment, and relevant clinical details.
DATA MANAGEMENT AND ANALYSIS
Under strict data privacy protocols 20 21 data were entered into the linked database maintained by the STI control programme. All people in the study population who had two or more tests in the study period were included in the analyses. Incident rates for gonorrhoea, chlamydia, and syphilis were calculated using the person years method. 22 Newly eligible individuals (including people who moved into the study area and those returning from other regions) contributed to the study from the date of their first test during the study period. Person years of follow up were calculated on the time between an individual's first negative test and their last negative test or estimated date of positive test. For individuals with incident infections and who received treatment, person years of follow up subsequent to an infection were calculated from 4 weeks after the date of the positive test. For individuals with incident infection who did not receive treatment, person years of follow up subsequent to an infection were calculated from the next date of a negative test. Incident rates of syphilis, gonorrhoea, and chlamydia were calculated per 100 person years of follow up. Univariate and multivariate analyses were performed using a Poisson model incorporating random eVects which accounted for the recurrent event nature of the data (that is, an individual may have repeated incident infections). 23 Ethical approval for this study was granted by the Aboriginal board of management of NHC which operates as the research ethics committee.
Results
PARTICIPATION AND BASELINE COMPARABILITY
During the study period a total of 1034 people, representing 75% of the study population, had 11 176 tests for gonorrhoea, chlamydial infection, or syphilis. Table 1 People who abused alcohol had a RR of incident gonorrhoea of 1.6 compared with people who did not abuse alcohol. The association between petrol sniYng and incident gonorrhoea was significant in women who have sniVed petrol on a regular basis (RR = 3.2).
An association was also seen between incident gonorrhoea and a previous history of STI (prevalent chlamydia in the study period, and prevalent syphilis in the 5 years preceding the study). People with two or more of the risk factors, age 15-29 years, petrol sniYng, and alcohol abuse (n=179), accounted for 57% of incident gonorrhoea cases.
CHLAMYDIA INCIDENCE
A total of 240 incident chlamydial infections were recorded in 198 people in the study population, with 1522 person years of follow up, yielding an incidence of 15.8 per 100 person years. In multivariate analyses, sex, age, and a history of previous STI were associated with incident chlamydia (table 3) . Women had a 1.4 RR of incident chlamydia compared with men. The highest incidence was in the 15-29 year age group, particularly in the 15-19 years age group. People aged 15-19 years had a RR of incident chlamydia of 2.7 compared with those aged 30 years or more. There was also a clear association between incident chlamydia and a history of previous STI (incident gonorrhoea in the study period, incident syphilis in the study period, and *Included in analysis are those people with at least two gonorrhoea tests during the study period, and who are considered to have been uninfected with gonorrhoea during the study period. †No = the number of people (sums to 969 for all variables except "chlamydia" and "syphilis" for which subjects can contribute to more that one level); Obs = number of incident infections; Py = person years of follow up; rate = incident rate per 100 person years. ‡In univariate analysis each variable is fitted separately. p Values in parentheses are overall test for heterogeneity. §Prevalent infection is at first test during study period. Incident infections are up to 7 days before date of relevant incident gonorrhoea infection during study period. Levels are hierarchical: "no test," "no," "prevalent," "incident" (a person contributes only to relevant levels). ¶Prevalent gonorrhoea infection is at time of first gonorrhoea test during study period.
incident and prevalent syphilis in the 5 years preceding the study 
Discussion
In this study, which appears to be the first population based analysis of risk factors for incident STI in an indigenous community, three strong predictors of incident STI were identified: age (15-29 years), substance abuse, and a history of previous STI. Particularly vulnerable were people aged 15-19 years and women with a history of regular petrol sniYng. It is possible to identify some methodological limitations to the study design. In particular, there may have been some underascertainment of incident cases either because of diagnosis outside the study area or non-return for testing, particularly among men and some misclassification of alcohol abuse, petrol sniVing, and marital status. It is also possible that, in using the Roche Amplicor PCR, a few false positives have been included as incident cases of gonorrhoea. It is, nevertheless, unlikely that these limitations will have a material impact on the associations observed.
Age was a strong predictor of both incident gonorrhoea and incident chlamydia particularly among young people aged 15-19 years. The high level of incident syphilis in the age group 15-24 years may well have been significant with a larger sample size.
Alcohol abuse was a significant predictor of incident gonorrhoea but not of incident chlamydia. People who abuse alcohol accounted for 36% of people included in the analysis. Interventions which reduce high risk behaviour in this relatively large subgroup of the population could be expected to reduce the incidence of gonorrhoea but would require greater resource allocation than interventions targeted at smaller higher risk groups such as female petrol sniVers.
While there is considerable anecdotal evidence of the association between sniYng and STIs, there is very little evidence in the literature. A high prevalence of infectious syphilis among petrol sniVers in northern Australia was reported in the late 1970s 24 and an association between treponemal seropositivity and petrol sniYng has been noted in the study population. 25 Petrol sniVers are a small, disadvantaged, and vulnerable group 7 in a community already characterised by poverty and poor health status. Petrol sniVers are more likely to experience inadequate housing, poor income, poor nutrition, and poor access to healthcare services. Women with a history of sniYng petrol on a regular basis represent a small group (n=26) with a high risk of incident gonorrhoea. Male petrol sniVers were at slightly greater risk of incident gonorrhoea than non-sniVers, but not significantly so. Most petrol sniVers in the study population are young, male, and sniV petrol on a regular basis.
A history of previous STI was a strong predictor of both incident gonorrhoea and incident chlamydia.
This study has identified several population subgroups at high risk of STI that can be approached with standard core group strategies. 26 Candidate groups identified by the study could be defined by age group, previous STI, and substance abuse. However, these strategies bring with them the potential for the community to "blame" and stigmatise individuals associated with such groups. 26 Ultimately, the eVectiveness of a core group *Included in analysis are those people with at least two chlamydia tests during the study period, and who are considered to have been uninfected with chlamydia during the study period. †No = the number of people (sums to 978 for all variables except "gonorrhoea" and "syphilis" for which subjects can contribute to more that one level); Obs = number of incident infections; Py = person years of follow up; rate = incident rate per 100 person years. ‡In univariate analysis each variable is fitted separately. p Values in parentheses are overall test for heterogeneity. §Prevalent infection is at first test during study period. Incident infections are up to 7 days before date of relevant incident chlamydia infection during study period. Levels are hierarchical: "no test," "no," "prevalent," "incident" (a person contributes only to relevant levels). ¶Prevalent chlamydia infection is at time of first chlamydia test during study period.
strategy in reducing STI may depend on how well health services provide for high risk groups. It has also been noted that the targeting of high risk groups in a population can generate a false sense of security for those outside the group who are engaging in high risk behaviour. 26 In conjunction with core group strategies it is therefore important to maintain community-wide strategies that include education, improved access to diagnosis, and treatment and promotion of behaviour change.
Through this study we have identified objective predictors of incident STI which can be used to target interventions and maximise their impact. The results of this study may well have relevance to indigenous communities in other countries that are faced with high levels of STI and substance abuse. *Included in analysis are those people with at least two syphilis tests during the study period, and who are considered to have been uninfected with syphilis during the study period. †No = the number of people (sums to 935 for all variables except "gonorrhoea" and "syphilis" for which subjects can contribute to more that one level); Obs = number of incident infections; Py = person years of follow up; rate = incident rate per 100 person years. ‡In univariate analysis each variable is fitted separately. p Values in parentheses are overall test for heterogeneity. §Prevalent infection is at first test during study period. Incident infections are up to 7 days before date of relevant incident chlamydia infection during study period. Levels are hierarchical: "no test," "no," "prevalent," "incident" (a person contributes only to relevant levels).
